1,3-Dimethylbenzisochromene-5,10-quinone 14 is obtained in good yield when 2-(1'-hydroxyethyl)-3-prop-2''-enyl-1,4-naphthoquinone 13 is treated briefly with bisacetonitriledichloropalladium(II) in solution in dichloromethane at room temperature.
Introduction
Significant interest continues to be shown in the synthesis of naturally occurring benzisochromanequinones, 1 compounds which collectively possess a considerable array of biological properties. 2 The pyran ring of the targets has the potential for three asymmetric centres, and considerable effort has been expended in achieving the desired stereochemistry, both for the racemates [3] [4] [5] [6] and for the enantiopure compounds. [7] [8] [9] Naturally occurring benzisochromenequinones have also been reported, 1 although their syntheses have hitherto received less attention. Nevertheless, two elegant short assemblies of these compounds from 2-(1'-hydroxyethyl)-1,4-naphthoquinone have been reported recently, 10, 11 and the former method extended to the assembly of the related benzisochromanequinones through stereoselective reduction. We have shown previously that 3-allyl-2-(1'-hydroxyethyl)-1,4-dimethoxynaphthalene 1 undergoes a completely diastereoselective base-induced cyclisation to afford solely the isomeric trans 1,3-dimethylnaphthopyran 2 in virtually quantitative yield, 12 and that the conjugated double bond structural isomer 3 of substrate 1 undergoes oxidative cyclisation with ceric ammonium nitrate (four equivalents) to yield directly the 7,9-dideoxy analogues 4 and 5 13 of the aphid insect pigment derivatives quinone A 6 and quinone A' 7.
14 Quinone A and glucoside B 8 are products derived from the reduction of protoaphin-fb. 14 A by-product of this
The same compound was obtained by treatment of either quinone A 6 or quinone A' 7 with acid. 15 Following our interest in the assembly of derivatives of the aphid insect pigments, we report now 16 on a ready synthesis of the benzisochromenequinone 14 as a model for the assembly of anhydroquinone A 9 through a palladium-initiated cyclisation of the 3-allyl-2-(1'-hydroxyethyl)-1,4-naphthoquinone 13, the quinonoid analogue of naphthalene 1.
Results and Discussion
There are many examples of nucleophilic addition to a double bond activated by coordination with a palladium(II) complex. 17 Intramolecular alkoxypalladation/elimination of hydroxyalkenes is also well known. In 1985, Semmelhack et al. reported the formation of the benzisochromene 10 in a 9% yield as a by-product in the synthesis of methyl dihydronaphthopyranylacetates using a palladium(II) catalysed olefin carbonylation reaction in methanol. 18 In the absence of carbon monoxide and methanol, a simple alkenol was cyclised to a mixture of two pyrans, the ratio of which was dependent on the choice of solvent. 19 We had shown, on the other hand, that catalytic quantities of bisacetonitriledichloropalladium(II) isomerise an (E)/(Z) mixture of an orthohydroxyalkylstyrene into the pure (E)-isomer. The known 12 naphthalene 1 was conveniently prepared here in high overall yield from 2-acetyl-4-allyloxy-1-methoxynaphthalene 11, 21 which was subjected to a Cope isomerisation and methylation, followed by reduction. 12 Initially, a solution of naphthalene 1 in dichloromethane was treated at room temperature with one equivalent of bis(acetonitrile)dichloropalladium(II). The reaction was completed in three minutes to give a 50% yield of benzisochromene 12 (Scheme 3).
Scheme 3
In this instance, no other material was recovered. Different conditions and amount of reagent did not significantly increase the yield. It was found that when the reaction was performed at 0 o C, or 0.3 equivalents of reagent were used, then conjugated isomer 3 of 1 was also isolated.
This last case, in which significantly less than one equivalent of palladium complex was used, led to the highest recovery of material with little cost to the yield of cyclised product. These results are summarized in Table 1 . It was found that if the conjugated material 3 was treated with one equivalent of the same palladium(II) reagent then a 48% yield of benzisochromene 12 was obtained (Scheme 3). It was not possible, however, to oxidise this benzisochromene 12 to the corresponding 5,10-quinone 14 using standard conditions, including silver(II) oxide, 22 ceric ammonium nitrate 23 and others. 24 As an alternative, the possibility of cyclising 3-allyl-2-(1'-hydroxyethyl)-1,4-naphthoquinone 13 was investigated. The naphthalene derivative 1 was oxidised smoothly with ceric ammonium nitrate (two equivalents) to give the quinone 13 in 86% yield. This outcome is in sharp contrast to the alternative oxidative cyclisation mentioned above (Scheme 2) which is achieved for the isomeric conjugated propenyl substituent. 13 The use of ceric ammonium nitrate (four equivalents) gave the same quinone 13, but in reduced yield (72%), presumably as a consequence of oxidative decomposition of this product. The quinone 13 was then treated with bis(acetonitrile)dichloropalladium(II) to form the benzisochromenequinone 14 in reasonable yield (Scheme 4). The best result was found to be a 60% yield (82% based on consumed starting material) when 0.15 equivalents of palladium(II) reagent were used at room temperature. Larger amounts of the palladium(II) reagent gave lower yields. These results are summarised in This method therefore has the potential to provide access to naturally occurring benzisochromenequinones. Assembly of the naphthoquinone 13 in monochiral form would provide the correct absolute stereochemistry at C-1 of the benzisochromenequinone, as in anhydroquinone A 9. 
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